The precious red coral (*Corallium rubrum*, L. 1758) ([Supplementary Figure S1](#s1){ref-type="supplementary-material"}) is one of the key engineering species of coralligenous systems (i.e., calcareous biogenic formations representing the richest biodiversity hard bottom habitat of the Mediterranean and other temperate seas)[@b1][@b2]. Historical documents suggest that *C. rubrum* was very common in the Mediterranean Sea[@b3] along a wide bathymetric range, from 3 to more than 800 m depth[@b4][@b5]. In the past it was easily harvestable also in shallow waters[@b6] characterized by dim light habitats as coralligenous rims, overhanging rocky roofs, and marine caves. This species is currently threatened mainly by over-exploitation and climate-driven mass-mortality events and, at present, is commercially exploitable only at depth \>80 m. *C. rubrum* is a long-living and slow-growing species, whose colonies can reach a size of a 40--50 cm height in about 200 years[@b1]. Long-living species like *C. rubrum* stabilize the structure and play a key role in the functioning of many sub-littoral communities[@b6]. Stable habitats like the coralligenous, in turn, trigger positive feedbacks on the fitness of long-living species, which, over time, become even more important in habitat formation and maintenance. Habitat complexity also influences the maturity of deep-sea ecosystems and increases the ratio between biomass and productivity[@b7]. Finally, habitat complexity is strictly related to biodiversity[@b8], which in turn is linked to deep-sea ecosystem functioning[@b9]. Declines in the abundance of long-living and habitat-forming species can therefore lead to a rapid fragmentation in community structure, species and habitat loss, depressing ecosystem functioning and compromising meta-population connectivity[@b10]. In pristine habitats of the past, *C. rubrum* populations were characterized by a large size and high density of the colonies[@b11], which created highly diverse and stable faunal assemblages. Red corals overexploitation and mass mortality events have reduced its distribution in the Mediterranean Sea and in the Western Pacific Ocean, and determined some cases of local extinctions[@b11].

Ocean acidification represents an additional major threat for these calcifying species given its potential effects on growth rates, reproduction and resistance to environmental changes[@b12]. With increasing pCO~2~, reduced calcification rates have been observed for a variety of calcareous organisms even when aragonite or calcite saturation exceeds 1.0[@b13][@b14][@b15]. However, the sensitivity of marine organisms to acidification varies among different taxa and some species may increase calcification rates with increasing CO~2~ levels[@b16][@b17]. Still, studies on the response of calcification to ocean acidification have been conducted on a limited number of calcifying species[@b17][@b18][@b19][@b20]. Laboratory experiments on the effects of increased pCO~2~ on calcifying organisms have to be taken with caution due to the intrinsic limitations[@b21], but they enable to control environmental variables allowing to assess the species-specific response to increasing CO~2~ levels[@b22].

The Mediterranean Sea is a semi-enclosed, miniature ocean, which is expected to anticipate the impact of global climate change in the oceans[@b23][@b24]. Mediterranean waters (from surface to bathyal depths) show a clear acidification trend, and since the beginning of the industrial era a reduction of 0.05 to 0.14 pH units has been reported[@b23]. Here we investigated, by means of short- and long-term laboratory experiments, the response of *C. rubrum* to increases in pCO~2~ in the range predicted for 2100 by the Intergovernmental Panel on Climate Change[@b25].

Results
=======

Physical-chemical variables, carbonate parameters and microbiological variables
-------------------------------------------------------------------------------

During the entire duration of the experiments, temperature and salinity were kept at the values recorded during sampling at 40 m depth ([Supplementary Table S1](#s1){ref-type="supplementary-material"}). Both at the start and the end of the experiments all mesocosms displayed similar values of total alkalinity (coefficient of variation, CV 1.1% and 1.6%, respectively), DIC (1.2 and 1.8% respectively), and HCO~3~^−^ (1.2 and 2.3%, respectively). The treatment resulted in environmental conditions (including pH values, [Supplementary Figure S2](#s1){ref-type="supplementary-material"}) able to mimic with high accuracy the conditions that are assumed to occur in the future if CO~2~ emissions continue at current rates[@b25]. The food supply did not alter the concentrations of inorganic nutrients (determined only in the long-term experiment), which in treated mesocosms, at the end of the experiment, did not change significantly from those in the controls ([Supplementary Figure S3](#s1){ref-type="supplementary-material"}). Moreover, since it is known that stressing environmental conditions can promote coral diseases[@b26], prokaryotic and viral abundances were monitored during the entire duration of the experiment to ensure that changes in polyps\' activity or eventual mortality were not ascribed to the outbreak of pathogenic infections[@b27]. Data collected indicate that there was no alteration in the analyzed microbiological variables ([Supplementary Figure S4](#s1){ref-type="supplementary-material"}).

Coral growth
------------

Colonies\' buoyant weight was tightly correlated with their axial skeleton dry weight and their total skeleton dry weight (i.e., scleraxis plus sclerites) indicating the accuracy and reliability of the adopted protocol ([Supplementary Figure S5a,b](#s1){ref-type="supplementary-material"}). Since for slow-growing species, such as *C. rubrum*, accurate measurements of buoyant weight are generally achieved after long-term treatments, we only report here the results from the second experiment. Measured changes in buoyant weight were generally in the order of tens of milligrams, always well above the repeatability of the scale (±0.03 mg). Colonies mean growth rates (normalized to initial buoyant weights as % difference day^−1^) estimated over the entire duration of the experiment (45 days) were 0.059 ± 0.041, −0.064 ± 0.024 and −0.032 ± 0.026% day^−1^ in the control and in the two acidified treatments respectively. Data of growth rate were also expressed as mm y^−1^ ([Supplementary Table S2](#s1){ref-type="supplementary-material"}). At all time intervals values in the control were significantly different (generally higher; [Supplementary Table S3](#s1){ref-type="supplementary-material"}) than those in both acidified mesocosms ([Figure 1](#f1){ref-type="fig"}).

Coral calcification
-------------------

Differences in coral calcification have been assessed during the first experiment by comparing the relative abundance (as percentage) of the two different types (cross and capstain) of newly-accreted sclerites (i.e., fluorescent sclerites under epifluorescence microscope after inoculation of calcein) in the three experimental conditions (i.e. at 8.08, 7.88 and 7.77 pH) ([Figure 2](#f2){ref-type="fig"}). The results of the experiments, were also evident from SEM analyses ([Figure 3](#f3){ref-type="fig"} and [4](#f4){ref-type="fig"}). Visual inspections of the morphology and integrity of the skeletal structures under SEM revealed that both the axial skeleton and the sclerites of colonies exposed to acidification appeared scraped when compared to those of colonies exposed to natural pCO~2~. To estimate the coral attitude to produce a preferential type of sclerites under different acidification levels we calculated the ratio of fluorescent cross to capstan sclerites. For all the above mentioned variables the one-way ANOVA revealed significant differences between the control and the acidified mesocosms; the pairwise tests revealed that in acidified mesocosms the number of newly-accreted sclerites, no matter the type, was significantly lower than in the control, whereas the cross to capstan ratio increased ([Supplementary Table S4](#s1){ref-type="supplementary-material"}).

Polyps\' activity
-----------------

The coral\'s polyps activity and the percentage of open polyps overall did not exceed 40% and 70%, respectively, even in the control mesocosms and the values reported from short-term and long-term experiments fluctuated in the same range ([Figure 5](#f5){ref-type="fig"}). In particular, polyps\' activity fluctuated around values reported for a healthy red coral population collected at similar or higher depths[@b28]. During the long-term experiment, to provide additional information of the health status of the colonies, we also performed measurements of the percentage of open polyps. The repeated measures ANOVA reveal that, even if time had a considerable effect on the observed differences among treatments, both polyps\' activity and the percentage of open polyps varied significantly among treatments ([Supplementary Table S5](#s1){ref-type="supplementary-material"}) and, during the last 10 days of the experiment, showed values in the control mesocosms consistently and significantly higher than those measured in both acidified conditions.

Discussion
==========

Changes in carbonate chemistry expected for the next decades will negatively affect a wide range of organisms[@b14][@b29][@b30][@b31][@b32] allowing to foresee an impressive shifting in both benthic and pelagic taxa and in several habitats and biomes[@b18][@b33]. The response towards acidification will be different depending on the species, their phenology, their depth range. Deep-sea species are likely to be largely affected by global climate change (by temperature shifts) and ocean acidification (either as pH decrease and changes in the global-mean depth of calcite and aragonite saturation horizons[@b14]). The skeleton of *C. rubrum* is built of high Mg-calcite[@b34], which is more soluble than aragonite. Thus we expect this species, and especially its deep-water populations, to be sensitive to the anticipated future shoaling of saturation horizons due to increasing pCO~2~ levels[@b35]. The red coral *C. rubrum is* a long-lived octocoral with population densities as high as 500--1000 colonies m^−2^, but with commercial sizes now confined to the mesophotic and deep zone (100--800 m depth) due to its overexploitation at shallower depths[@b36].

Here we show that ocean acidification at levels predicted by the IPCC scenarios for the end of the century has a significant negative impact on polyps\' activity, growth and biocalcification of this species. In particular, we report that polyps\' activity significantly decreased under lower pH conditions. The expansion of polyps by Anthozoa is energetically highly expensive[@b37]. Therefore, in natural environment polyps are expanded in presence of high water flows, which in turn generally means abundance of food and, at the same time, a fast removal of catabolites. Consequently, while expanded polyps clearly suggest a healthy condition of the colonies, decreasing activity of the coral polyps under acidification will imply also reduced feeding and respiration efficiencies[@b37]. Recent investigations have proven that the presence of coral forests controls food availability and benthic biodiversity in the mesophotic zone[@b38]. We can hypothesize that acidification, while reducing feeding efficiencies of the red coral, could also affect or modify patterns of biodiversity of the mesophotic zone. The effects of ocean acidification on food availability in the mesophotic zone could therefore over impose on those predicted as a consequence of the thermocline deepening under water warming scenarios[@b39].

The effects of ocean acidification on growth vary between calcifying organisms and non-calcifying organisms as well as amongst different calcifying taxa[@b29]. Among calcifying organisms, acidification can have a negative effect on calcifying algae and corals, but shows a less pronounced negative effect on coccolithophores, molluscs and echinoderms[@b33]. It has been hypothesized that deep-water corals\' calcification in the Mediterranean Sea might have already declined by up to 50% as a consequence of anthropogenic-induced ocean acidification[@b40]. *C. rubrum* is known to be a long-lived species, but how 'long\' its life span can be, is still controversial and object of present research. Its growth rates, determined using different independent approaches ([Supplementary Table S2](#s1){ref-type="supplementary-material"}), can lead to ages of approximately 200 years[@b1], placing *C. rubrum* among the longest-lived organisms in the Mediterranean benthic assemblages, possibly after only the millenary gold and black corals[@b38]. We show here that acidification did not determine a decrease of coral growth below levels observed *in situ*[@b41], but caused a significant decrease of calcification rates (when compared with the control samples). This result indicates that ocean acidification at levels predicted for different 2100 IPCC scenarios will further decrease the already very low growth rates of this centennial species. Altered carbonate chemistry can also directly affect the deposition and dissolution rates of the CaCO~3~ used for skeletal structures[@b42]. Experimental and field studies suggest that calcification is affected in a wide range of marine calcifying taxa[@b15]. Variations in responses to acidification amongst calcifying organisms may depend on the mineral form of CaCO~3~used by the organism, with the solubility and susceptibility increasing from low-magnesium calcite to aragonite and high-magnesium calcite[@b15]. *C. rubrum* has a Mg-rich calcite skeleton, so that consequences of acidification on its calcification could be relevant.

Skeletal accretion of *C. rubrum* displays two different patterns of growth, one related to sclerites deposition and a second one on the colony scleraxis, where a peripheral skeletogenic epithelium is responsible of the axial thickening[@b43]. The mineral microstructure of the axial skeleton presents micro-protuberances on the surface[@b44]. Our results indicate a significant decrease in relative production (as percentage of newly formed fluorescent sclerites) of the two types of sclerites (i.e., capstans and crosses) in apical fragments of colonies exposed to acidification, which was primarily affecting capstans. Here we found consistent results in short and long term experiments and the lack of resilience in the longer term exposure to low pH conditions. At the same time *C. rubrum* colonies showed a higher crosses/capstans ratio in acidified colonies. The increased proportion of small crosses could be explained as an adaptation of the colonies exposed to acidified conditions to preserve coenechimal stiffness, while limiting energetic costs of calcification (i.e., decreasing the production of larger capstan and skeletal structures[@b44]). Skeleton of colonies reared under control conditions grew with an organized smooth surface, but the surface of both axial skeleton and sclerites of colonies exposed to acidification became scraped and irregularly arranged ([Figure 3](#f3){ref-type="fig"} and [4](#f4){ref-type="fig"}, magnified details). Differences in fine-scale skeletal morphology among control and treated colonies were present in all the examined samples. Changes in crystal morphology as a response to changes in the saturation state, are consistent with previous studies on tropical corals[@b44][@b45][@b46] and confirm the difficulties encountered by *C. rubrum* in the production of skeletal structures under increased pCO~2~ conditions. Altogether these results demonstrate that ocean acidification can affect not only calcification rates but also alter the patterns of biomineralization. Being sclerites production related to the biosynthesis of scleritin, biomineralization processes can be considered under genetic control[@b47] and acidification could affect not only biocrystals surface but also modulate gene expression as suggested for scleractinians[@b48]. Marine organisms vary broadly in their responses to ocean acidification primarily because of the wide variety of processes affected (e.g., dissolution and calcification rates, growth rates, development and survival), making it challenging to predict how marine ecosystems will cope to decreased pH. Although we cannot exclude that the observed effects of lower pH values on red coral growth, biomineralization and polyps\' activity could change on interannual to decadal scale as a consequence of interactions with other environmental factors (e.g., interactions between acidification, temperature shifts and change in food supply[@b21]), our results suggest that ocean acidification has the potential to negatively impact calcification, growth rates and feeding efficiency, with potentially negative effects on reproductive output and recruitment success.

Since precious corals of the genus *Corallium* are long-living species, a large portion of the populations currently inhabiting hard bottoms of mesophotic habitats worldwide will directly experience the reduced pH values predicted for the end of this century. The effects of acidification, as observed in our experiments, will thus be directly experienced by the present populations inhabiting mesophotic habitats, and will potentially contribute to the population fragmentation and increase the risk of potential extinction. As *C. rubrum* is a habitat-forming species able to shape the seascape architecture and to sustain a high biodiversity, the results of the present study let hypothesize that ocean acidification could have a severe impact on structural complexity and functioning of these mesophotic habitats.

Methods
=======

We conducted 2 time-course experiments of different duration to explore short term and long term effects of ocean acidification. The first was run in spring 2011 and the second in spring 2012.

For the short term experiment apical branches of *Corallium rubrum* (n = 45, about 4 cm long with ca 200 polyps each) were collected from 45 different colonies at the Marine Protected Area of Portofino (Ligurian Sea, Italy). Fragments were placed in a plastic tank with seawater continuously filtered and maintained at *in situ* temperature (\~13.5°C). Samples were transferred to the laboratory within 12 h and acclimated in the mesocosms for one week under stable conditions (i.e., temperature: 13.7 ± 0.2°C, salinity: 38.0 ± 0.1) before the experiment. Five coral branches of *C. rubrum* were placed in each mesocosm.

For the long-term experiment apical branches of *Corallium rubrum* (n = 63, about 4 cm long, with ca 200 polyps each) ([Supplementary Figure S1](#s1){ref-type="supplementary-material"}) were collected at the Marine Protected Area of Portofino (Ligurian Sea, Italy), at 40 ± 0.5 m depth. Each branch was withdrawn from a different colony to minimize the impact of sampling and to provide the widest diversity of the *C. rubrum* populations inhabiting the cliff at the selected depth. Fragments were placed in a plastic tank with seawater continuously air bubbled and maintained at *in situ* temperature (\~13.5°C) and salinity (\~38.1). Samples were transferred to the lab within 12 h and acclimated for three weeks in the mesocosms under stable conditions (i.e., temperature: 13.51 ± 0.11°C, salinity: 38.26 ± 0.25) before the experiment. Seven coral branches of *C. rubrum* were placed in each mesocosm.

Experimental set-up
-------------------

For both experiments nine mesocosms were filled with 6 L of 0.2-μm pre-filtered seawater (collected *in situ*). The experimental design included 3 control mesocosms, 3 mesocosms exposed to a moderate increase in pCO~2~ and 3 mesocosms exposed to high pCO~2~ (respectively A1B and A1F1 scenarios[@b25]). Certified air-CO~2~ gas mixtures (Rivoira S.p.A.) with 372 ± 15, 734 ± 30 and 975 ± 39 ppm CO~2~ were continuously bubbled in the control and the two treated mesocosms, leading to a mean pH of 8.09, 7.88 and 7.77, respectively. RTM3 flow meters (Technologie Medicale S.A.S) were used to adjust the flow rate at 150 ml min^−1^. All nine mesocosms were placed in a large tank in which water temperature, during the entire duration of the experiment terminated after 10 (short-term) and 45 days due to the occurrence of a major heatings which made unable the system to maintain *in situ* temperature. All colonies survived to the experiment after the cessation of the CO~2~ bubbling. During the entire duration of the experiment the systems were maintained at the *in situ* temperature values using a TECO SeaChill Chiller TR5. To ensure an homogeneous distribution of the temperature within the tank, two independent recirculation pumps (480 L h^−1^) were used. Mesocosms were shaded to reproduce *in situ* light conditions using an opaque cloth to reduce normal indoor irradiance (by 80%) out of direct sunlight. Water within each mesocosm was continuously re-circulated and mechanically filtered at the rate of 190 L h^−1^. Each mesocosm was covered with a plastic wrap to facilitate equilibration between the gas mixtures and the experimental seawater and to minimize water evaporation. One sixth seawater renewal was made at the end of the acclimation period, i.e., just before starting the experiment. Coral colonies in each mesocosm were fed daily at 3pm with 5 mL of a concentrated solution of a mixture of *Artemia salina* nauplii and rotifers in filtered seawater. Density of food items was \~2000 rotifers and \~30,000 *Artemia\'s nauplii* per mesocosm per day.

Physical-chemical variables and carbonate parameters
----------------------------------------------------

Temperature and salinity values were measured with an YSI TDS conductivity meter. pH was determined using a Crison pH electrode/meter calibrated with NBS buffers (accuracy ±0.005). Alkalinity was determined at the beginning (day 1), and at the end (day 10 or 45, in the short- and long-term experiments, respectively) of the experiment ([Supplementary Table S1](#s1){ref-type="supplementary-material"}) using an open-cell potentiometric titration procedure calibrated with certified alkalinity standards[@b49]. Seawater samples (500 ml) for Total Alkalinity (TA), were added with 200 μl of 50% HgCl~2~ saturated solution to avoid any biological alteration and stored in the dark at 4°C until analysis. TA was determined on \~140 g subsamples using a titration system comprising of a 250 ml open titration cell thermo-regulated at 25 ± 0.1°C, a Crison pH electrode/meter calibrated with certified DIN 19267 pH/mV standards (±0.5 mV) and a Crison Burette 1S (±0.001 ml). The accuracy of the titrations was ±3 μmol kg^−1^. Parameters of the carbonate system, including pCO~2~, HCO~3~^−^, and DIC concentrations, saturation of aragonite (ΩAr) and calcite (ΩCa) were calculated from the measured values of pHNBS, TA, temperature, salinity, phosphate and silicate concentrations using the program CO~2~Sys.xls 2011[@b50]. Physical-chemical variables and carbonate system parameters at the beginning and the end of the experiment in the three treatments are summarized in [Supplementary Table S1](#s1){ref-type="supplementary-material"}.

Growth
------

Net growth rates of *C. rubrum* were determined using the buoyant weighing method, which has minimal effect on the physiology and health of the colonies[@b21]. Moreover, given the duration and grow rate of the branches, the method used resulted to be sufficiently sensitive to quantify the growth rates of the colonies. All coral branches were weighted remaining immersed into the mesocosms (Radwag bottom-loading scale, repeatability = 0.03 mg). In addition, the dry weight of the axial skeleton, of the sclerites and of the total skeleton (i.e., axial skeleton plus sclerites) was also determined (±0.1 mg). Daily growth rates were calculated as the percentage weight difference (measured as buoyant weight) between the beginning and the end of the experiment, and normalized to the coral branch initial weight and the duration of the experiment. To calculate the mean basal diameter annual growth rate, first buoyant weights were converted into dry weights using the linear regression equation between buoyant weights and total (i.e., axial skeleton plus sclerites) dry skeleton weights (y = 1.6318×, r = 0.99, [Supplementary Figure S5](#s1){ref-type="supplementary-material"}). Subsequently, dry weights were converted to basal diameters using the following relationship[@b51]: where W = dry weight; G = basal diameter of the colony. Annual basal diameter growth rates were finally calculated by normalizing to the duration of the interval (n = 10, 30 and 45 days) and multiplying by 365.

Sclerites accretion
-------------------

To detect the effects of increased pCO~2~ on the sclerites accretion of *C. rubrum*, a calcein labeling experiment was conducted. At the end of the experiment, three colonies from each mesocosm were transferred in separated aquaria kept under same conditions of temperature and pH such as from where the colonies were withdrawn. Treated and untreated coral branches were exposed to calcein (Sigma C-0875) with a final concentration of 10 mg L^−1^ for 120 h. Subsequently, their apical parts were soaked in a 12% solution of sodium hypochlorite for 24 h or until all organic material was removed[@b52] (i.e., only the axial skeleton and sclerites remained). The sclerites were then rinsed several times with reagent grade water (MilliQ), mounted on slides and analyzed under epifluorescence microscopy (excitation filter 450--490 nm) for total and fluorescent capstan and cross sclerites counting ([Supplementary Figure S1](#s1){ref-type="supplementary-material"}). Only apical parts were analyzed since it is known that *C. rubrum* calcifies more rapidly in its apical regions where the sclerites are directly incorporated to form the medullar part of the axial skeleton[@b53]. The relative abundance of fluorescent (cross and capstan) sclerites was used as an estimate of newly-accreted calcium carbonate skeletal elements. Values of the fluorescent cross to capstan sclerites ratio were used to evaluate eventual differences in the production of the two different skeleton elements under the different pCO~2~ treatments.

Skeletal morphology
-------------------

The effect of increased pCO~2~ on Ca deposition was assessed through the observation of skeletal subsamples under a Scanning Electron Microscope (SEM) to analyze the fine-scale skeletal morphology. At the end of the experiment, one colony was withdrawn from each mesocosm and apical branches of the colonies were treated to remove all organic material using the same method adopted for fluorescent sclerites analyses. Skeletal subsamples were mounted on aluminum stubs using carbon adhesive tabs and coated with gold/palladium (Au/Pd) for five minutes using a Polaron Range sputter coater. SEM observations were conducted with a Philips® XL 20 microscope to assess the presence of skeletal malformation or dissolution at low pH.

Polyps\' activity
-----------------

Polyps\' activity (number of open vs. closed vs. partly open polyps) was measured twice a day (at 11am and 5pm) for the entire duration of the experiment. Briefly, the activity of each colony was assessed by determining the state of activity of its polyps (and expressed as the prevailing state of the polyps\' expansion[@b28]). The latter was determined as follows: a value = 2 was assigned to colonies with prevailing number of totally expanded polyp and tentacles; a values = 1 was assigned to colonies with prevailing numbers of polyps or tentacles partially retracted and a value = 0 was assigned to colonies dominated by totally retracted polyps. The overall assessment of polyps\' activity in each mesocosm was calculated as the average of the five/seven colonies and reported as the percentage of the maximum expansion state. In addition, in the second experiment, the percentage of open polyps per each colony was also determined. To minimize effects on polyps\' activity, the air-CO~2~ gas mixtures were pumped into the aquaria far from the coral fragments.
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![Daily mass change (%) of coral colonies exposed to different levels of acidification compared to control conditions.\
Illustrated are changes estimated for the entire duration of the long-term experiment (0--45 days) (a) and for different time intervals (0--10, 10--30 and 30--45 days) (b).](srep01457-f1){#f1}

![Relative abundance (%) of cross and capstain newly-accreted sclerites in the three experimental conditions.](srep01457-f2){#f2}

![Comparison of axial skeleton structures of corals exposed to natural pCO~2~ and to acidification.\
(A), (B) the apex and the axial skeleton under natural conditions. (C), (D) the apex and the axial skeleton under acidified conditions. In the insets a detail for each phase.](srep01457-f3){#f3}

![Comparison of the two types of coral sclerites exposed to natural pCO~2~ and to acidification.\
(A),(B) capstan and cross-shaped sclerites under natural conditions, respectively. (C),(D) capstan and cross-shaped sclerites under acidified conditions, respectively with evident signs of altered calcification. In the insets a detail for each phase.](srep01457-f4){#f4}

![Coral\'s polyps activity and the percentage of open polyps in the three treatments during the short- and long-term experiments.](srep01457-f5){#f5}
